Introduction and Objective: Transcatheter aortic valve implantation (TAVI) is an alternative therapeutic approach to patients not considered suitable for surgical aortic valve replacement (SAVR) due to their high operative risk. We sought to assess the impact of TAVI on the profile and operative results of patients with severe aortic stenosis undergoing SAVR. Methods: A total of 214 patients were included, of whom 103 consecutive patients underwent isolated SAVR in 2005 and 111 in 2009. Patients' demographic and operative data were collected retrospectively. Operative and one-year mortality and morbidity were analyzed. Results: Patients' mean age was 70 years, and 56% were female. Following the introduction of a TAVI program, patients undergoing conventional surgery were older, with more comorbidities. Overall 30-day and one-year mortality were 2.8% and 7.0%, respectively. After the introduction of TAVI, the observed mortality rate for SAVR decreased, but not significantly (operative mortality: 3.9% before TAVI vs. 1.8% after TAVI, p=NS; one-year mortality: 10% vs. 4.5%, p=NS). Striking differences were observed in morbidity (operative morbidity: 23.3% before TAVI vs. 13.5% after TAVI, p=0.047, and one-year morbidity: 20.4% vs. 9.9%, p=0.032). Conclusions: Since the introduction of a TAVI program at our center, the number of patients undergoing SAVR has increased, with a slight rise in surgical risk, but without worsening the final operative results. The implementation of a TAVI program has thus had a positive impact on the volume of procedures, patient selection and outcomes in SAVR.
PALAVRAS-CHAVE
Estenose aórtica severa; Cirurgia de substituição valvular aórtica; Implantação percutânea de próteses valvulares aórticas Introduction Aortic valve stenosis is increasingly common in developed countries as a result of ageing populations. 1 Patients with this condition are at higher risk of sudden death and, when symptomatic, mean survival is only 2---3 years. 2 Surgical aortic valve replacement (SAVR) is the gold standard treatment for symptomatic patients with severe aortic stenosis, and has been shown to improve symptoms and survival. 3, 4 In recent years, technological advances and overall improvements in health care have allowed older patients with higher surgical risk to be operated with lower operative mortality.
Notwithstanding improved mortality rates, many patients are still considered inoperable due to prohibitive risk, 5 and a significant percentage of patients are not even referred to surgical centers. Studies have estimated that a third of patients with severe aortic stenosis are not operated. 6 Transcatheter aortic valve implantation (TAVI) was developed as an alternative to conventional aortic valve surgery in high-risk patients, and has shown very promising results. 7 A TAVI program was introduced in our tertiary center in August 2007 to treat patients with severe aortic stenosis who were deemed unsuitable for conventional cardiac surgery.
We sought to assess the impact of this program on the volume of SAVR procedures performed, and on the profile of operated patients and outcomes in terms of operative and one-year morbidity and mortality.
Methods

Study population and data collection
This was a single-center retrospective study of consecutive patients who underwent isolated SAVR for severe aortic stenosis (functional area <1.0 cm 2 or mean gradient >40 mmHg) in 2005 and 2009 (respectively two years before and two years after implementation of the TAVI program).
Patients' demographic, clinical and echocardiographic data were collected from medical and hospital records. Surgical risk was estimated for each patient based on the logistic European System for Cardiac Operative Risk Evaluation (EuroSCORE), using the online calculator. Surgical procedures were classified as elective, urgent or emergency. Elective patients were scheduled for surgery and admitted accordingly, while non-elective patients were hospitalized as a result of clinical instability and/or life-threatening situations (such as congestive heart failure [HF], low cardiac output and cardiogenic shock) and were operated either immediately (emergency surgery) or during the same hospitalization (urgent surgery).
Operative mortality was defined as all-cause death within 30 days of surgery (including during hospital stay). Operative morbidity was defined as the occurrence during the post-operative period of any of the following: death, prolonged (>24 hours) invasive mechanical ventilation, severe arrhythmias (ventricular fibrillation or recurrent ventricular tachycardia, new-onset atrial flutter or fibrillation, or bradyarrhythmia requiring pacemaker), myocardial infarction (elevation of serum troponin I to levels five times higher than pre-surgery values), severe HF (NYHA class III-IV), moderate to large pericardial or pleural effusion, pneumonia, pyelonephritis, acute renal failure (serum creatinine >2.0 mg/dl or twice pre-surgery values or need for de novo dialysis), stroke, major bleeding (resulting in hemodynamic compromise or need for transfusion of more than 2---3 units of red cells or urgent surgical intervention), cardiac reoperation, mediastinitis or surgical wound infection.
One-year follow-up, achieved in 94% of patients, was based on data from medical consultations, urgent hospitalizations and telephone interviews. The following events were recorded: all-cause and cardiac death, myocardial infarction, stroke, rehospitalization for cardiac cause, cardiac re-operation, and thromboembolic and bleeding complications.
Statistical analysis
Categorical variables are presented as percentages and frequencies and were compared using the chi-square test. Continuous variables are expressed as means ± standard deviation and were compared using the Mann-Whitney test. A value of p<0.05 was considered statistically significant. Predicted mortality was calculated for each patient using the logistic EuroSCORE and compared to observed mortality. The discriminatory power of this risk algorithm was assessed through determination of the area under the curve (AUC) and considered to be significant when >0.7. Survival analysis was based on the Kaplan-Meier method. Univariate logistic regression analysis was used to determine predictors of operative mortality (p<0.05), which were then included in the multivariate model (backward Wald logistic regression). All statistical analyses were performed using SPSS for Windows version 17 (SPSS Inc.).
Results
Volume of surgical procedures
During the two years analyzed in the study, 214 patients underwent isolated SAVR; of these 103 were operated two years before implementation of the TAVI program and 111 two years after, an increase of 8% in the volume of surgical procedures.
Profile of operated patients
The mean age of the population was 70±9.9 years (range 35---86), and most patients were women (56.1%). The most prevalent cardiovascular risk factors were hypertension (72%), dyslipidemia (63%), obesity (39%) and diabetes (27%). Almost half (47%) had at least one comorbidity, the most common being chronic obstructive pulmonary disease (COPD) (18%), significant coronary artery disease (15%), anemia (15%) and atrial fibrillation or flutter (12%). Of the 32 patients with significant coronary artery disease, eight had previously undergone percutaneous (n=7) or surgical (n=1) revascularization; one underwent single-vessel angioplasty in the post-operative period. The remainder had not been revascularized for the following reasons: absence of ischemia and/or documented myocardial viability, distal lesions, lesion in a minor branch, or a vascular bed distal to a minor lesion. Half the patients had significant symptoms at the time of surgery (41% with NYHA class III-IV HF, and 9% with CCS class III-IV angina). In hemodynamic terms, mean aortic functional area was 0.6±0.16 cm 2 (range 0.2---1.2 cm 2 ) and mean valve gradient was 60±16.9 mmHg (range 20---130 mmHg). Most patients had preserved ejection fraction (mean 55±8.9%, range 20---79%). Around 13% of patients (n=27) had associated mitral valve disease, including four with grade II/IV mitral stenosis, 22 with grade II/IV mitral regurgitation and one with grade III/IV, predominantly functional. Echocardiographic signs suggestive of pulmonary hypertension (pulmonary artery systolic pressure >40 mmHg higher than central venous pressure) were observed in 16% of patients. The mean logistic EuroSCORE was 7.5±6.4% (range 1.5---44.6), reflecting a population with high surgical risk (EuroSCORE >6).
Patients operated in the post-TAVI period were older, with a higher proportion above the 75th percentile for age (18.4% of patients operated pre-TAVI were aged ≥77 years vs. 37.8% post-TAVI, p=0.006). They also tended to have more comorbidities (40.8% pre-TAVI vs. 52.3% post-TAVI, p=0.061), particularly COPD (14.9% vs. 19.8%, p=NS), acute coronary syndrome (2.0% vs. 5.4%, p=NS) and previous coronary angioplasty (0% vs. 6.3%, p=NS). A lower proportion of patients operated in the post-TAVI period had echocardiographic signs of pulmonary hypertension (21.4% vs. 11.5%, p=0.043). The two groups are compared in Table 1 .
Predicted and observed mortality
Predicted mortality based on the logistic EuroSCORE was similar for both groups (7.4% pre-TAVI vs. 7.6% post-TAVI, p=NS), but far higher than observed operative mortality (3.9% vs. 1.8%) (Figure 1 ).
Operative and one-year mortality rates in the total population were 2.8% (n=6) and 7% (n=14), respectively. Causes of death in the post-operative period were septic shock (n=3), refractory HF (n=2) and unknown cause (n=1). Only two of the 14 deaths during one-year follow-up were attributed to cardiac cause.
Observed operative and one-year mortality were lower after implementation of TAVI, but not significantly (3.9% vs. 1.8% and 10% vs. 4.5%, respectively).
Kaplan-Meier survival curves are shown in Figure 2 .A t one-year follow-up, survival among patients operated in the pre-TAVI period was 89.9%, with a higher survival rate among those operated in the post-TAVI period (95.5%), but without statistical significance (log-rank test p=0.126).
Short-and medium-term morbidity
Significant differences were found in morbidity between the two groups (Table 2) , with more complications in patients operated in the pre-TAVI era, both in the post-operative period (23.3% pre-TAVI vs. 13.5% post-TAVI, p=0.047) and at one year (20.4% vs. 9.9%, p=0.032). Patients who underwent SAVR in 2005 had more postoperative complications, particularly need for prolonged invasive mechanical ventilation (24.5% pre-TAVI vs. 6.3% post-TAVI, p<0.001), severe bradyarrhythmias (17.5% vs. 10%; p=NS) and major bleeding (10.1% vs. 4.5%, p=NS). This trend continued during one-year follow-up, with a greater number of rehospitalizations for cardiac cause (19.8% vs. 9.0%, p=0.027).
Predictors of operative mortality
On univariate regression analysis, the following were predictors of operative mortality: history of dialysis (odds ratio [OR] 51.5, 95% confidence interval [CI] 2.7---977.2, p=0.009); significant mitral regurgitation (OR 8.4, 95% CI 1.1---63.0, p=0.038); urgent cardiac surgery (OR 16.8, 95% CI 2.6---107.3, p=0.003); prolonged invasive mechanical ventilation (OR risk of death, 95% CI 1.3---847, p=0.036) were independent predictors of operative mortality ( Table 3 ).
Accuracy of EuroSCORE in predicting surgical risk
There are various algorithms for preoperative risk stratification of cardiac surgery, one of the most commonly used being the logistic EuroSCORE. We analyzed the discriminatory power of this algorithm for operative and one-year mortality, as presented in Table 4 . The logistic EuroSCORE did not show discriminatory power for operative mortality (AUC 0.51). It showed satisfactory predictive value for one-year mortality (AUC 0.79, 95% CI 0.64---0.93, p=0.004), particularly in male patients (AUC 0.94, 95% CI 0.8---1.0, p=0.003) and in those aged under 75 (AUC 0.86, 95% CI 0.7---1.0, p=0.001) ( Table 5 ). 
Discussion
The implementation of a TAVI program in our center was accompanied by an increase in the number of patients undergoing SAVR, for which there are two main reasons.
Firstly, the advent of new technologies and alternative treatments has focused attention on the disease and increased awareness among health professionals, resulting in a greater number of patient referrals. 9 Many patients with severe aortic stenosis who are considered to be at high surgical risk are not even referred to surgical centers. However, our center was a pioneer in implementing a TAVI program in the northern and central regions of the country, which enlarged its referral area.
Secondly, with the introduction of percutaneous treatment, management of patients with severe aortic stenosis became a multidisciplinary process. 9 In our center, all patients referred for TAVI are thoroughly assessed by a multidisciplinary heart team, which includes specialists in cardiology, cardiothoracic surgery, anesthesiology and vascular surgery. All patients with severe aortic stenosis are initially considered for cardiac surgery and only become candidates for TAVI if their surgical risk is too high. This means that some patients initially referred for percutaneous treatment will in fact be accepted for SAVR.
Following the introduction of the TAVI program, patients undergoing SAVR in our center had markedly higher surgical risk (older age and with more comorbidities) and were at an earlier stage of the disease, before the occurrence of significant repercussions in pulmonary vascular resistance. It can thus be assumed that patients are being referred earlier, the result of greater knowledge of the natural history of the disease and the advantages of prompt treatment, together with improved assessment of disease severity by a variety of more advanced diagnostic exams.
The observed operative mortality in our population was similar to that reported in other studies, 5 and was related to worse presurgical status (associated mitral valve disease and regular dialysis) and to indicators of unfavorable prognosis (urgent surgery, certain postoperative complications and need for prolonged hospitalization).
The logistic EuroSCORE did not accurately predict operative mortality in our population, which confirms its tendency to overestimate risk in aortic valve surgery. 8 In practical terms, it is of limited use for stratifying preoperative risk and identifying patients at high surgical risk. Nevertheless, as demonstrated in other studies, 10 it accurately predicted one-year mortality. In practice, clinical judgement should prevail in therapeutic decisions, taking account of risk estimates and other patient characteristics not included in the algorithms, as well as of the results and experience of the center. 11 The lower short-and medium-term morbidity found in our study appears to be mainly related to marked improvements in the care provided and to advances in medical and surgical technologies and in complementary exams.
Recent years have seen very encouraging developments in the management of severe aortic stenosis, a clinical entity that is becoming increasingly prevalent. Patients are diagnosed and referred earlier, undergo multidisciplinary assessment based on a range of reliable complementary exams and receive the treatment most appropriate to their clinical condition, and are treated and followed-up by dedicated, skilled and experienced specialists.
